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This reportsummarizestheresearchconductedby NC StateUniversity in investigating
thedurability, performanceandemissionof acarbonfiber pistonandliner in oursinglecylinder
researchDieselengine. Boththepistonandliner weresuppliedto NC StateUniversityby
NASA LaRCandmanufacturedby C-CAT undera separatecontractto NASA LaRC. The
carbon-carbonmaterialusedto manufacturethepistonandliner hassignificantly lower thermal
conductivity,coefficientof thermalexpansion,andsuperiorstrengthcharacteristicsatelevated
temperatureswhencomparedto conventionalpistonmaterialssuchasaluminum.Theresultsof
thecarbon-carbonfiber pistontestingwerecomparedto abaselineconfiguration,which useda
conventionalaluminumpistonin asteelliner. Theparametersmeasuredwerethebrakespecific
fuel consumption,ignition delay,frictional horsepower,volumetricefficiency,anddurability
characteristicsof thetwo pistons.

TestingwasperformedusinganaturallyaspiratedLabecoDirect Injectionsinglecylinder
dieselengine.Two testcaseswereperformedoverarangeof loadsandspeeds.Thefixed test
conditionbetweenthealuminumandcarbon-carbonpistonconfigurationswasthebrakemean
effectivepressure.Themeasureddatawasthefuel consumptionrate,volumetricefficiency,
load,speed,cylinderpressure,needlelift, andexhaustgastemperature.Thecylinder pressure,
andfuel consumption,exhaustgastemperature,andneedlelift wererecordedusingaNational
InstrumentsDAQ boardandaPC. All testcasesusedDieselno.2for fuel.

Ourspecificconclusionsfrom this researchareasfollows:

1. TheBrakeSpecificFuelConsumptionwasgenerallyhigherfor thecarbon-carbonsystem.
This seemsto bearesultof decreasedmixing, lowervolumetricefficiencies,andincreased
friction.

2. Thevolumetricefficiencywasconsistentlylower for thecarbon-carbonsystem.This isa
resultof theelevatedoperatingtemperatures.

3. Theignition delaywasfound to begenerallylower for thecarbon-carbonsystemdueto the
increasedtemperaturesduringthecompressionstroke,whichresultfrom theinsulatingaffect
of thecarbon-carbonpiston.



4. Thefrictional horsepowerwasconsistentlyhigherfor thecarbon-carboncase.This is
believedto bea resultof thebreakdownof lubricantsattheelevatedoperatingconditions.

5. Theexhaustgastemperaturewasconsistentlyhigherfor thecarbon-carboncase.This is a
resultof thereductionin heatloseof thesystemdueto thecarbon-carbonpiston.

6. Thepeakpressurewasconsistentlylower for thecarbon-carboncase.This is believedto be
aresultof shorterignition delaysandreducedmixing.

7. Thecarbon-carbonpistonsurvived56hoursof cumulativeoperation.While this is certainly
insufficient for thismaterialto becommerciallyviableat thisstage,thebenefitsof this

materialencourageits furtherdevelopment.

8. Thecarbon-carbonliner wasnot assuccessful.Two differentlinersweretriedandboth

failed at thesealinglip betweentheengineblock andthecylinderheadwith little or no run
time. Both thepistonandlinerwerenotdesignedto exploitcarbon-carbonfibersadvantages
andmitigateits weaknesses;theywereexactduplicatesof thealuminumandsteel
counterparts.So,it is not surprisingthatthedurability of the liner waspoor.


